ABSTRACT Reversible ligands were attached covalently to membrane-bound acetylcholine receptor from Torpedo marmorata by a method which is generally applicable and does not require the synthesis ofspecially designed molecules. UVirradiation ofthe -receptor in the presence of [3H]trimethisoquin, [3H]phencyclidine, or [ H1perhydrohistrionicotoxin resulted in the labeling of the binding site(s) for these noncompetitive blockers of the permeability response. The labeling of the 8 chain was enhanced by carbamoylcholine, and this increase was blocked by snake a-toxins. The effect ofcarbamoylcholine on [3H]trimethisoquin binding was more pronounced than with the other two noncompetitive blockers; in all instances, the labeling was abolished by unlabeled histrionicotoxin. These three compounds therefore interact with the high-affinity site for noncompetitive blockers. Incorporation of radioactivity also occurred into the a chain but either was insensitive to cholinergic effectors or decreased in the presence of carbamoylcholine (or snake a-toxin), probably as a result of an interaction with the acetylcholine-binding site. In contrast to the other noncompetitive blockers tested, [3H]chlorpromazine heavily labeled the four receptor polypeptides (a, 1, A, 8), and this labeling also was enhanced by carbamoylcholine and decreased by histrionicotoxin. These data indicate a contribution of the 8 chain to the binding site(s) of several well-characterized noncompetitive blockers and suggest that other receptor polypeptides may also contribute to this binding.
Photoaffinity labeling of a specific site on a macromolecule usually requires synthesis of a ligand with a photolabile group (1) . With some ligands, such as cyclic nucleotides (2) (3) (4) , nucleic acids (5, 6) , or benzodiazepines (7, 8) , simple UV irradiation in the presence ofthe protein substrate appears sufficient to crosslink covalently the ligand and the protein. Although not necessarily as quantitative (9) , this technique provides sufficient selectivity to identify the polypeptide chain that interacts with a radioactive ligand.
The present communication explores the use of UV irradiation to identify the binding site for noncompetitive blockers of the physiological response to acetylcholine (AcCho) on the membrane-bound acetylcholine receptor (AcChoR) from Torpedo marmorata. These agents include aminated local anesthetics (10) (11) (12) , quinacrine (13) , histrionicotoxin (HTX) and perhydrohistrionicotoxin (H12-HTX) (ref. 14 and references in ref. 15) , phencyclidine (16) (17) (18) , and various other ligands (reviewed in ref. 19 ). Several ofthese compounds may have diverse effects in other systems, but all of them block the electrophysiological response of the motor end plate or the electroplaque to AcCho without changing the apparent affinity for AcCho. In vitro studies (reviewed in refs. 19 and 20) have shown that these compounds bind to a site distinct from, but in reciprocal allosteric interaction with, the agonist binding site. Equilibrium binding of radioactive local anesthetics (12) , H12-HTX (15) , and phencyclidine (17) provided a set of criteria for the characterization oftheir common binding site. Two ofthese are: (i) their mutually exclusive binding, and (ii) their enhanced affinity caused by the binding of agonists to the AcCho site.
The AcChoR of T. marmorata electroplaque is composed of four different types of subunits of apparent molecular weights 40,000 (a), 50,000 (13) , 60,000 (y), and 66,000 (8) (reviewed in refs. 19, 21, 22) . The a chain is labeled by affinity reagents specific for the AcCho-binding site (19, 21) and, therefore, carries this site. The 8 chain can be labeled with a photoaffinity derivative of a local anesthetic, 5-azido[3H]trimethisoquin (23) and thus is implicated in the binding of noncompetitive agents (24, 25) . The role of the 1 and y [referred to as the 60,000-dalton subunit (19, 21) but with an apparent molecular weight of57,000 in most NaDodSO4 gel systems (25)] chains is not known. The four chains are closely packed together, and their accepted stoichiometry is a2 13 y 8 (19, 21, 22) .
We report here the UV-induced labeling of the membranebound AcChoR from T. marmorata with various reversible noncompetitive blockers of the physiological response to AcCho. These include, in addition to the local anesthetic [3H]-trimethisoquin, the frog toxin derivative [3H]H12-HTX, the hallucinogenic drug [3H]phencyclidine, and the sedative [3H]chlorpromazine. The results support the idea that the 8 chain is involved in the binding of all these noncompetitive blockers and suggest the participation ofother receptor subunits in the binding of chlorpromazine.
MATERIALS AND METHODS
AcChoR-rich membranes were prepared from T. marmorata electric organ, as described (25) , in 3 mM EDTA/1 mM ethylene glycol bis(13-aminoethyl ether)-N,N,N',N'-tetraacetic acid/0. 1 mM phenylmethanesulfonyl fluoride/50 mM Tris HCl, pH 7.5, containing 5 units ofaprotinin and 5 Ag ofpepstatin per ml (buffer A). The membranes were either used directly, or stored at -700C until used, at a concentration of 20-25 AuM in '"I-labeled a-bungarotoxin (125I-BuTx) sites. The concentration of these sites was determined by DEAE-filter disk assay (26) .
NaDodSOjpolyacrylamide gel electrophoresis (Tris glycine) was performed with two different 10% acrylamide systems in 1.1-1.3 mm slabs (25) . Gels were stained and fixed in 0.05%
Coomassie blue R-250 in 10% ethanol/10% acetic acid and destained in the same solvent. Radioactivity was detected by fluoAbbreviations: AcCho, acetylcholine; AcChoR, acetylcholine receptor; BuTx, a-bungarotoxin; HTX, histrionicotoxin; H12-HTX, perhydrohistrionicotoxin; CbmCho, carbamoylcholine; ID50, dose that decreases the response to 25 ,uM CbmCho by 50%.
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rography (27) ; dried gels were exposed to Kodak X-Omat R film preflashed to an absorbance of 0.2. Alternatively, selected sections of the dried gel were cut out and assayed (28) .
Irradiation with UV light was performed essentially as described (25 (28) .
The reversible binding of [3H]phencyclidine was measured by incubating receptor-rich membranes (1 ,uM in BuTx sites) with 0.1 mM carbamoylcholine (CbmCho), the unlabeled noncompetitive blockers, and [3H]phencyclidine in a total volume of 100 ,ul for 45 min. After the incubation, the solution was pelleted at top speed in an Eppendorf Minifuge for 15 min, the supernatant was aspirated, and the pellet was solubilized in 12% Triton X-100 and assayed in 4 ml ofBray's solution. Background (i.e., the radioactivity in the pellet in the presence of 0.1 mM phencyclidine) constituted approximately 10% of the total radioactivity in the pellet in the absence of unlabeled noncompetitive blockers.
Electroplaques isolated from the Sachs organ of Electrophorus electricus was used for the electrophysiological measurements. CbmCho (25 ,M) and. noncompetitive blockers were applied to the innervated face of the cell, and the transmembrane potential was measured by using an intracellular electrode (29 (12, 28) . The radioactivity recovered at the level ofthe f3 chain (in the presence of CbmCho) did not belong to this chain but to a proteolytic fragment of the 8 chain, the 50 bis fragment (25) , which could be separated from the /3 In the case of [3H]phencyclidine (Fig. 2) , a nearly 3-fold increase in labeling of the, 8 into the four chains but to a larger extent (95%) at the level of the 8 chain. In the presence ofCbmCho, a minor but significant HTX-sensitive labeling of three bands of apparent molecular weight greater than 100,000 was noticed (Fig. 5) . Because no precursors of the receptor peptides of such size are yet known, Labeling of Nonreceptor Peptides. With all ligands tested, faint but systematic labeling of two nonreceptor peptides was noticed. One was the 43,000-dalton peripheral polypeptide (31) bound to the cytoplasmic face (32) of the receptor-rich membranes; the other, ==95,000 daltons, is known to belong to different membrane fragments (19, 21) and might be one chain of Na',K+-ATPase. CbmCho, erabutoxin b, or HTX did not affect the labeling of these chains, which were thus taken as controls. In the case of [3H]H12-HTX, a significant decrease of the labeling of the 43,000-dalton polypeptide occurred in the presence of 50 pM HTX (see ref. 33 ), but the incorporation of radioactivity into this chain was not enhanced by CbmCho. 
DISCUSSION
Compared with the traditional method ofdesigning ligands with photolabile groups, the UV-induced labeling of the AcChoR polypeptides by noncompetitive blockers offers the advantages of simplicity and potentially increased selectivity. The structural features of the ligand molecule required for its bonding to an amino acid side chain of the labeled polypeptide have not yet been identified, although all the radioactive ligands that gave successful labeling had a cyclic carbon ring. The substitutions on the ring may be important, judging from the fact that lidocaine does not become covalently attached even though it has a cyclic carbon ring. A disadvantage of the method is that the efficiency of labeling appeared lower than that found with standard photoaffinity ligands. At this stage of the work, such low yields preclude direct estimation of site stoichiometries.
The most striking result obtained with the noncompetitive blockers used in this study is that all ofthem labeled the 8 chain of the AcChoR and this labeling was blocked by HTX and potentiated by CbmCho. Similar results have been reported with 5-azido[3H]trimethisoquin (24, 25) . They are consistent with the interpretation that the high-affinity site for noncompetitive blockers is at least partially carried by, or in the vicinity of, the 8 chain. Significant labeling of the a chain also occurred with several of the compounds tested. In the case oftrimethisoquin, the labeling was decreased by CbmCho and erabutoxin b. Therefore, it occurred at the AcChoR site, a result consistent with the presence of a quaternary nitrogen in its molecule (see ref. 10 
